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On December 16, 1992, 
rcpreseriJlives of 45 
lelccommunication corners from M 
couniricb met in Paris lo iiign 
agreement to construct a new 
undftfsea ciible network linking 
North America and Europe. This 
new network was named Transai- 
Untic Telephone (TAT)-12/13 and 
continued the tradition started io 

1933 when AT&T nnd ibe. British ^^mmh^— i 
Po5i Office agreed to build the fir^ 

TAT cable. Like the previous 11 TAl cables, the TAT-12/13 
Network is to provide telecommunication services between 
poini^v in or rciichcd via the United States and poinis in or 
rc;,ched viu the United Kingdom and France. Spec.ncally. thts 
network is lo mc«:T the capacity needs of the signmg carriers 
through 2006 in a cost-effective manne:. In addition, this net- 
work is to provide "in-network" reMurution of itself and mave 
this restoration capability' available for the restoration of Other 
cable svstems in the Atlantic region. / .n 

To manaae the entire project within the budget of 5740 
mtUion. the consortium o( carriers formed a procurement 
^roup consisting of representa- 
tives from AT&T, British Tele- 
com (BT), and France Telecom lo 
determine network requirements 
and negotiate fvupply contracts. 
Thi?; iirticlc de^^cribcs the network 
;!nd its captibililies. 

The network Route 

Figure I shows a miip ot' the 
TAT- 1 3/ 13 Network. Thf not- 
work con-M^ts of u ring of under- 
sell ciihle scgmvinis inicrconncci- 
inu ciible sT:itii>ns in Green Hill, 
Riiodc Isl:ind. Uv>!tiid Sl^itcs; 
Lands End. Gnt^ianU: J*cnm:irc*h. 
Friincc; and Shir!cy, New York. 
Untied Slates. The unUcrbc:i cable 
scgmeni between Green HilK 
Rhode Island, imd LiinU.s Ends, 
£nal:»ild. w;is supplied jointly by 
STC Submarine Systems aod 
ATt^T Submarine Systems. Inc. 
(SSI). It is 5^13 km Ion;:, of which 
yi^*") km Wits supplied by STC iind 



The TAT-12/13 Cable Network, 
v\fhen completed in September 
1996, will provide 10 Gb/s of 
fully in-r^etwork restorable 

capacity between the 
United States, the United 
Kingdom, and France. 



2154 km bv aT^T-SSI- The sea- 
mem has 133 repeaters spaced cvcrv 
45 km that make use of opucyl 
amplifier technology (to he 
described Uier). This segment wa:> 
installed in the summer of 1995 and 
is now carrying traffic. 

The undersea cable seemcni 
between Lands End. England, -^^nd 
Penmarc'h, France, was supplied by 
Alcatel Submarcom. li is 371) km 
^maam^t^^^^ jong ^nd contains four undersea 

optical amplifier repeaters spaced 74 km apart, [t was insUiHed 
in the spring of 1995 and i:i now c:irT7mt! truffic 

The undersea cable segment between Shirley New York 
and Green Hill, Rhode biin.d. w;o :tupplied by AT&T-SSL U 
is 16^ km long and contains no undersea repeaters. U makes 
use of high-powcr optical amplifiers in the iermin:il si^uon 
eouipmeni cnobling traffic lO traverse the entire segment 
withoi*t undersea ampiification. It was installed m the fall of 
1994 and is now carrying truffic. 

The undersea cable segment between FenmarC h. hrancc 
and Shirley. New York, is supplied jointly by ATJtT-SSI and 




I Figure 1. Viti TAt^n/tJ CMc Natxwrk 
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ALiiiL'l Siibmarcom. It is 6321 km long and contains 140 opti- 
caliv amplified repeaters spaced every 45 km, where 4127 km 
i> siippJicO by AT*S:T.SSI and 2194 km by AlcateJ. Thii seg- 
ment K being installed now and, vf+ien completed in Che spring 
will complete ii ring of undciica cable around ihc 
Niuih Ailantie Ocean- 

Hv [he t:nd of September 1996, the TAT-12/13 Network 
will K capable of carrying up to lO Gb/s of iraffic that is fully 
rcMvifjble Within the neiwork. By uxing ring switching equip- 

cjhlc Nt:i'ii'on«, traffic is automatically rerouted in the opposite 
dirLLiiurt around the ring lo bypnss a fault in any of the 
undersea segments. This rcrouiing lakes place quickly enough 
thji scnicc wiJI not be interrupted, making failures iranspar- 
ciu !n !he network users. 

The Network Configuration 

Figure 2 shows the network configuration. £ach cable seg- 
mcni contains rwo fiber pairs. One fiber pair is designated 
scrvicL* Lind the other pair rtstotaiion. In the normal mode of 
operation, when all four cable segments are fault'frcev traffic 
is curried on the service fiber pairs. Each service fiber pair 
iranspucis two STM-l6s (2.5 Gb/&) ai a bit rate of 5 Gb/s, 
ullowms for ii loial capacity ol four STM-16S (10 Gbis) 
between the United States and Europe over the two transai* 
laniic c^'tbles. 

There is t\ho JO CWs of capacity on the resroralion fiber 
pairs. In the norm<il mode of operation, the restoration fiber 
path.s could be used to carry what might be considered "lower- 
priority lr;Arfic." This traffic could be either restoration irafTic 
from another coble system or traffic that the 
iclcrummurtication carriers deem interrupt able. 

Any traffic on the restoration pairs would 
automaticslly be dropped should a fauU an the 
service pairs be detected. The rcstoi'aiion pairs 
would ihcn be used as tJic path to icrouic the 
service traffic via the opposite direction of the 
ring. Traffic swi(ching takes place in less than 300 
m^, ensuring uninterrupted service. 



The Submerged Equipment 

7 he submerged c^uipuicoi consists of cobles 
jiKi repeaters. For this network, several Types 
of cubic arc being used with the purpose of pro- 
tecting the four glass fibers traversing the ocean 
bottom. The cable to be used in water depths 
Ics.'^ ih;m lOOO m h urmorcd and buried for pro- 
tection -.igainsi ships' anchors and fishing activity. 
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Figure 3 shows a diagram of one type of armored cable. 

The undersea repeaters contain new optical amplifier tech- 
nology that is changing the entire transmission system indus- 
try. Erbium-doped fiber amplifiers (EDFAs) are simple 
devices that amplify light power A Jow-power optical signal 
enters the amplifier,' and a high-power optical signal exits. Fig- 
ure 4 shows a diagram of an EDFA. The incoming transmis- 
sion fiber is spliced to a short length (about 10 m) of 
erbium-doped fjber. This specially doped fiber has the proper- 
ty of amplifying J,55-um signal light when "pumped" with 
h^er lipbt of y ^f*fi\c\}\?T w:"vrf<^nurh. This case urn. 
Light from the pump laser i& coupled (in this case in the 
counter-propagaiiog direction) infO the erhium-dopcd fiber 
using an opiicaJ coupler. Amplified signal power c^iis the 
erbium-doped fiber with more optical power (and. unavoid- 
ably, wiih added amplified spontaneous emission noise). An 
optical isolator is then used to prevent reflected light from 
propagating (and being amplified) in the counlcr-propagiiimg 
direction. The EDFA is a simple yet effective device with 
properties that make it the most significant development in 
optical communications since the development of low-loss 
dptieal fit>cr. 

The repeaters in the TAT-12/13 undersea segments each 
coniam two pairs of unidirectional amplificra, one pair for 
each fiber pair. For the transatlantic segments the amplifiers 
provide about 10 dB of power gain. For the £ngland-to- 
France segment the repeater gain is about 16 dB to allow for 
greater repeater spacing. 

Note that the optical fibers and ihe optical amplifiers with- 
in the repeaters can propagate and amplify several wave- 
lengths of ttglu signals simultaneously, and thut each of these 
signals can have different bit rates. Therefore, the submerged 
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; Figure 4. Erbium^dOfXfd fibt-r amplifitfr. 
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pUnt ofTAT-12n3 can be though, of as ^T"; "P"."' 
fhM encircle the North Atlant.c 0«an. These p.t^s have 
been deskned id be reliable enough .o /'"^/^"^ 
because Of the technologv used (namely, apiical fiber wilh 
op<.c"ramplifLo. ^hcv h^avc ,he po.enli.l to keep pace w..h 
the .rowlh of internalioniil ie)cCf>niiiiunica;iOH ser»ces. 

r\^r^rasi this with the TAT-8 Cable System, which has 
Occn S "A cc n"c: .98«. TAT-8 w.S the firs. TAT/y^tcrn to 
noiica) fibers The undersea repeaters, however, coniam 
" ecu*^ StiV^^^^^^ These reseneraior. operate a. a 

?S.t ra e and cnnnox be changed. Although des.Bned for 
^5 vears of operation, the trartic-earrying "P^^y."! '"f /.^^ 
M.;.'s on eachof .wo fiber pairs between U-'e^ S^a.^ 
und Europe will make TAT-8 technologically obbOlcte well 

^''Byu«.lg optical amplifiers in the submerfied repea.ers. the 
iraffic-car,^ingcap:iei.y of TAT-l2/t3 >s only l.rn- 
i.ed by the initial system design and the avj.Jabil- 
iiy of more advanced lerminal siation equ.pmcr^. 
For example, the iransoceanic segments of TA i - 
12M3 have been designed to tran.sport single j 
Gb/R optirai signal on each fiber pair. Repeater 
spacing and dispersion maps were chosen lo 
aecomplish .his objective. Howtiver. due to new 
ri^velopments. experience, and knowledge, ways 
to e.«ploit the enormous transport capacity o. 
these initalJed optical pipes may allow lAi- 
12/13 to be upgraded when more nansiitlantic 

canaciiy is needed. . j , 

ThU upi-rade potential has already bt^t^n 
demonsiniied. Figure 5 shows results of transmis- 
sion expcrimcnis done on an installed ponvon of 
TAT- 13 1 J 1- The fCRults show thai by usmR a 
combination of wavdtogth^divtsion muUiplcxing 
(WDM) and forward cnor correction (FEC), »t is 
po:iSiblc to increase thf ir&nsporl capaciiy of 
TAT-r/l3 to 10 Gb/n. 20 Gb/s. and pQ*sibIy 
higher on each fiber pair. Of course, to make u&e 
of these technologies significant changes would 
be needed in the cable .<itaiion equipment. The 
suhmcriied plant, however, would remain 
untouched. 



tion carriers. Figure A shows a block diagram of the mtercon- 
neAiotis Of this equipment at one of the cable .mdi.ohs. 

Power feed equip.i.en. (PFE) supplies elec.r.cal power to 
the repeaters over'^thc coVper co-.ducior .n the undersea 
cable TAT-12.'13 PFE supplies constant current of 1.6 A 
through the cable where the sea is the return conductor. 
A^ut 5000 needed from the PhE on each side of ih. 
Aooui jvjuu ♦ " p . f pp£ contains redundant 

''lu;^^aH;ete1;r.inatinge..iprnen.,SL^^ 

^ Gb/& iransTTiiticrs and receivers, and the interi^avin 
Iqui^pmco. to combine two optical STM- 16 ^iSnaU mto a . 
r!h/5 optical sicnal suitable for transmission uver 6300 km oi 
unde«e" caAf Each set of SLTE contains fully redundant 
hardware and automatic protection switching equipmc i to 
^ 're t'hat outages due .o^LTE circuit P^^-ij;-'^--" 'V": 
ii,H Moniiorincequipmeni is attached to the SLTE lo pro 
vide f?r in-serl-c\ mcni.or.ns and c,u.-of-ser..ice fault location 

^^V':Jrl!S:;^rfn/^'odes (FFRNs) ^^^f^i^f^^l^ 
poration ^^^l^^^ ^^^^^^^^^^^^^^^ Wl^l to^hl 

^ TuVX!^^o FFR,^: in eac'h Ot the tour sutit^ri. of 
the TAT 12/13 Network. Figure 7 ^"ows a block diagram of 
an PFRN Ud to W STM. Is are connected to each FFRN. lo 
^Xnaie to whtch of the four STM-lfiS an STM-l is assigned, 
fhe STM^fist^^c -wcsf.bound service and protection 

Lnd ••east" bou"'' prO.eCl.on. The westbound 

lTM-t6s are associated with the undersea cable 
ferminatcs at the cable Station, and the easibound STM- 16s 
arrassodated with the other undersea cable -'^S'"'^"' 
'ating^n that cable station. Note that the eastbound/west- 
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The Equipment in the 
Cable Stations 

f ocatcd in each of the tour cuble stations is 
Lequtpmcot that ;ic<:c^st.s Ihc submerged pbnt 
:ind ihc inhuul networks of the iclccomrpunica- 
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Figure 6. BlZkdi^S"'- ofequipm^n, «l cable siaiion,. 
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bound dcsignaiion hns nothing i<> 
do with the acluaJ geographica 
direction. Funhcrmorc. designating 
STM-J6S service means thni switch- 
ing will be done in urder to encore 
thai [r:iffic assigned to thtse STM- 
i6s is maintained- Dcsignaiing 
STM- t6s proteciion means ihai 
switching will be done to move the 
traffic from ihe service STM-I6s to 
the protection STM-I6s, Traffic 
ordinarily C4rri<:d on the protection 
STM- 16s is dropped whenever 
switching is done to maintain ser- 
vice tratflc flow. The FFRN switch- 
ing protocol operates according to 
the International Td^communi- 
caiions Union (ITU) Recommrji- 
daxions for transoceanic line 
switched rings. See the article in 
this issue on the 1 PC- 5 cable net- 
work for a more detailed descrip- 
tion of ring switching. 

di*^i\^i1 >\ccc<i< jnd cross-ci-yn^ 
neci system (DACS) provides access pons to the lelecommu- 
nicoiioo carriers. All signals entering the DACSs must be 
made up of vinual connection (VC>-J2 signals or 2 Mb/s S[g- 
nals (Els) which arc then mapped inio VC-12 signals. The 
DACSs then groom the VC-Hs. placing them into STM-ls to 
be sent to the FFRNs for routing over the undersea cables. 

NETWORK Integration 

One uf the major challenges ;n conslructing TAT- 12/13 was 
the integration of ihc various network cli^menis from four 
suppliers: Alcatel. STC, AT&T- SSI. and Toshiba. In order for 
interface specincaiions lo be finalised and tu ensure proper 
interfacing of the Installed netu'Ork, a seriCsS of laboratory tests 
' were tarried otit during ►he sumnricr of 19^ in Freehold, New 
Jersey Here, equipment prototypes from each of the suppliers 
were tested with each other to ensure network compatibiliiy. 
Results showed thai traffic coyld be restored in l«s than 300 
ms in the event of a cable cut. 

Network pERFORiviANce, Reliability, 
AND Availability 

7 AT- 12/13 Network error performance at the STM-l level 
meets the relevant ITU Recommendation 0.^26 for 
errored blocks, errorcd seconds and severely errored seconds. 
This level of error performance corresponds to a bit error rate 
of better than 4 x lO '". 

TAT-12.M3's reliability iii projected to be less than one ship 
repair needed over 25 vcars due lo undersea component fail- 
ures. TAT-l?./n, like 'previous TAT systems, will have this 
high level of reitahiliiy as a resuU of extensive component 
qualification and ceniflcaiion. An even higher level of reliabil- 
ity lhan previous systems is expected because of fewer active 
componcnis being used in oplical-amplificr-bascd repeaters. 

For service providers, circuit availability is what really 
determines how reliable :i network is. Poor availabiliiy results 
whemtervice-affeciint; failures occur In cable station equip- 
ment. Circuit avyilabiliiy is i^l-^ impacted when a c:abie is acct- 
dcntaily cut by fishing trawlers Of ship :inchors. For TAT 
systems, n dccrciiscd number of cubic faults has been realized 
hv nrm<»fing itnO hurvini; rhc sh;illow waicf ends of the under- 




Figure 7. Block diagram of four-jiber ring node 



sea cables, TA f -}2/i3 inakc^ use of t.xicnsiv^ nxpeiicnc- ii» 
cable installations throughoui the North Atlantic by armoring 
and burying the TAT-12/n cables until the water depth is 
more than 1 000 m, .... -j » 

Even with armor protection and cable bunal. accidental 
CUI& still occur. However, with the use of ring switching equip- 
ment and diverse routes, the avaitabilirv of 10 Cb/s of capacity 
on TAT- 1 2/13 is designed lO be 100 percent under singlt-fault 
conditions- That is to say, by using two cables across the 
Atlantic and fast switching technology, no traffic outage is 
expected over the design life of TAT- 12/13 for the traffic that 
is rooted over the service fiber pairs. To achieve 100 percent 
availability, diligent in-service maintenance and monitoring of 
the equipment will be required lo ensure that preventable 
Outages do noi occur. 

TRAFFIC Routing 

rbe purpose of the TAT- 12/13 Network is to carry tr^tffic 
for international telecommunications service providers. 
This is ordinarily done as a series of bilateral agreements 
between carriers operating on each side of the ocean. 

To describe this further, let us take the case of one such 
bilateral agreement between AT&T and RT. AT&T and BT 
acrec lo jointly own and operate several minimum investment 
units (MlUs) of TAT.12/13. For TAT-llUl nn MIU is a bidi- 
rectional £1 (2 Mb/s) channel, in thts cnsc between the cable 
Stations in Green Hill. Rhode Island, and Lands End. Eng^ 
land. This chynnel can be used to C3rr>' ?0 64 kb/s circuits or 
whatever configuration the carriers chose. For example, with 
speech intCTpolatiori equipment it is possible to fn 150 voice 
circuits into the 2 Mb/S dnta stream. Other c:irrier>i having 
ownership Of TAT.l2;'l3 have similar bilmcriil Qi;recmL-nu for 
MlU-s between the cable sioiions. 

Els access Ihe cable stations via inland digital curner sys- 
tems The^ie could be via a.syrichronous or synchronous trans- 
port svsiems. In any case, the Els iicccss the DACS and <ire 
placed into the STM-ls for trnnj^port. An STM-l can carry 6j 
Els, The groomed STM-K are scm from the DACS to the 
rinir nodes for routing over the undersea c;iblc scgnwnis. The 
ring nodes combine Ifv STM-U Ui form ;m STM- 16. and Ihc 
STM-J6 is sent opiicollv m Ihc SLTE.v svhorc tbLV i.rc con:i- 
tnnod with -another STM'K> from another rini: node to lorm ;i 
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5 Gb/s optical sigHHl tor transport over the undersea cahle 
segments. 

Summary 

rh^ TAT-l-"l3 Network, when completed in September 
^996 Jill t^nsport iosd EU b^.we.rt the United States. 
,hP l/rfi\rd Kin^^^^^^ and France. By using ring sw.tch.ng 

without dropping calls m the process. artolifi- 

The undersea repeaters in this neiworV use 
cr 7*cbnoro8v to transport a Single 5 Gb/s oP"^^> 

ch m^er pIV. Wl.h .he upgrade P°'f""\VtcTcS. doT^; 
straied T.A.T-12/13's transport capacity may jC ICdSi oouoiv 
before ihe end of its 25-year design \>k. 
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Defective images within Ithis document are accurate representations of the original 
documents submitted bylthe applicant 

Defects ia the images include but are not limited to the items checked: 



□ BL^.CK borders! 



GE CUT OFF AT TOP, BOTTOM OR SmES 




FAI|ED TEXT OR DRAWING 

□ BLljRRED OR ELLIEGIBLE TEXT OR DRAWING 

□ SKE:WED/SLANTE)|> IMAGES 

□ COI .OR OR BLAOtC AND WHITE PHOTOGRAPHS 

□ GR^ Y SCALE DOCfUMENTS 

□ LIN SS OR MARKS| ON OlOGINAL DOCnmimBOT 

a R£F E:RENCE(S) oi EXnmiTCS) SUBMnTED ARE POOR QUAL^ 

□ oiTER: i - • ■ • 

IMAGE S ARE BliST AVAILA 

As rescanniiig thesie documents will not correct the image 
probleniis checked^l please do not report these problems to 
the SP*\^ image Pr|>blem Maflbo^^ 



